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ANTmRAL AGENTS 

Field of the Invention 

5 The present invention relates lo ihe use of niiphihopyrans agents in ihe iieaimenl aiid/or 
prophylaxis of hepatitis B. pharmaceutical compositions for use in such therapy and novel 
naphthopyruns, 

Backgrouncl of the Inventioa . 

10 

Infection with human hepatitis B virus is a major public health problem because of the 
ability of the virus to cause acute and chronic infections. Chronic hepatitis B viixis 
infection (hereinafter refened to as 'MiBV") causes serious liver disease in humans and 
frequenily results in cirrhosis and hepatocellular carcinoma. Currently there is tio 
15 completely effective therapy for the successful management of chronic HBV infections. 
The >250 million chronic HBV carriers throughout the world are unable to benefil from 
the commercial vaccine presently available. 

Currently avaUable therapies for HBV are ocJiy partially cftcctive and may bo accompanied 
20 by deleterious side effects. In addition, many patients develop antiviral resistance resulting- 
in Oic loss of efficacy. Accordingly, a need exists for new effective uroaiments for HBV, 

It has now been discovered that compounds of F4)rmula (1) are active agenLs against 
hepatitis B virus, 

25 

Summarj- of the Invention 

According to one a-spect of the present invention there is provided a method of treatment or 
prophylaxis of hepatitis B virus in a subject comprising admmistering to said subject an 
30 effective amount of a compound of Formula (1 ): . " 
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(1) 

wherein X is OH, OR^ or halo; 

R and Ri are independently selected from H, Ci-Aalkyl, Ci^ulkenyl, C^-oalkynyl, 
Ca^oyoloalkyl, aryl, or logeiher with the carbon ptorru to which they are attached fonu a 
5 saturated or unsaturated Cs^carbocyclic ring; 

Ra and JKa ore independenlly selected from H, Ci^alkyl, C2.6aBwCayl, C2-«£^lkyiiyl. 
C3.6cycloalkyl or togctlicr with tlic bond between ih.« carbon atoms to which they are 
aUached form a doable bond; 

R4 and R5 arc independently selected froin H» Ci^alkyl, Czoalkenyl, C2.6alkynyli 
10 Ca.Acycloalkyl, OH, OR9, halo or NRicRio or together- with the bond beiween the carbon 
atoms to which they arc aiiached form a dtiuble bond; 

Rft and R7 are independently selected from H. Cnjalkyl, Cz-ftalkenyl, Ca.ijalkynyK 
C3.(iCycloalkyl, OH or ORy; 

Rs is independently selected from H. C,.fialkyl, C2^sM.lkenyl, Cs^alkynyl, Cs-ecycloalkyl. 
15 OH^ORjiOr halo; 

R9 is Ci^alkyl, Ca.ftalkenyl, C2.6alkynyl, C^-Gcycloaikyl, aryl, C(=0)Rij or S(0)aRii or OR^ 
is an amino acid residue; 

each R 10 independently selected from H and Ct^aUcyl; 

Rn is Ci-ziulkyU Cj.aialkenyl, CjziaJkynyl, Cs-ecycloarkyl, Co^cycloalkylCi.ftalkyl, aryl or 
•20 arylCj.6alkyl; and 

Rn is Ci^alkyl, C^^alkcnyl, Ci.halkynyl or aryL 



1 

■i 
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According to a fuither aspect of the present invention there is provided a use of a 
compound of Fonnula (1) in the manufacture of a medicament for the treatment or 
prophyla^us of hepatitis B virus. 

5 According to yci a t^irthiit nspcci of ihe preseni invention there is pn>vided a method of 
treatment or prophylaxis of hepatitis B virus comprising administering an cftcctivc amount 
of a compound or Formula (1) and a second therapeutic agent. 

According ID another aspect of the invention there h provided a compound of Formula (1) 
. 10 with the proviso that when R and Ri arc both methyl and R4 is OH or ORy, Rs is not 
selected fmm OH, ORv orNHRio- 

According to another aspect of the present invemion there is provided a pharmaccuiical 
composition comprising a compound of Formula (l)and a pharmaceulically acceptahle 
1 5 carrier* excipient or adjuvant, with the proviso that in the compound of Formula (1) when 
R and Ri are both methyl and R4 is OH or ORo, Ks is not selected from OH, OR9 or 
IsTHRui. 

. According to the present invention the compounds of Fonnula (1) may be presented in the 
20 form of a phartnaccutically acceptable derivative, salt or prodmg. 

Detailed Desuription 

Throughout this? specification and the claims which follow, imless the context requires 
25 otherwise, the word "comprise", and variations such as "comprises" and "compri.^ing", will 
be understood to imply tlic inclusion of a stated integer or step or group of integers or steps 
but not the exclusion of any other integer or step or group of integers or steps. 

The reference to any prior art in Ihis speciiPication is not, aiid should not be taken aii, an 
3D acknowledgment or any form of suggestion that that prior art forms part of the common 
general knowledge in Australia. 
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10 



AS used herein. Uie term "halo" or "halogen" refe« to Duorinc (fluoro), clxlotinc (chloro), 
bromine (bromo) or iodine (iodo). 

As used herein, the term "alkyl" either used nlone or in compound term^ such as NH(alkyl) 
or N(alkyl)2, refers to monovalent straight chain or branched hydrocarbon groups, having 1 
to 3, 1 to 6. 1 to 10 or I to 21 carbon atoms as appropriate. For example, suitable alkyl 
groups include, but are not limited to methyl, eihyl. propyl, isopropyl. n-toutyl, sec-butyl, 
lert-butyl. penlyl. Z-methylbutyl. 3-mcthylbutyl, n-hexyl, 2-, 3- or -*-melhylpcatyl. 
2-ethylbulyl, n-rhexyl or 2-, 3-. 4- or 5-methylpentyl. 

As used hereijj. the term "alkenyl" rcfcre to straight chain or branched hydrocarbon groups 
havhig one or more double bonds between carbon atoms. Suitable alkenyl groups include, 
but are not limited to ethenyl. propcnyl. isopropenyl, iDiilcnyl. peutenyl and hexcnyl. 

15 The term "alkynyl" as used herein, refers to straight chain or branched hydxocaibon groups 
containing one or more triple bonds. Suitiible alkynyl groups include, but are not limited 
to ethynyl, propynyl. butynyl, pentynyl and hexenyl. 

Tlie term "cycloalkyl" as med herein, refers to cycHc hydrocarbon groups. Suitable 
20 cycloalkyl groups include, but are not limited to cyclopropyl, cydobutyl. cyclopentyl and 
cyclohexyl. 

The term "aryl" as a«ed herein, refers to C^-Cu. aromaUc hydrocarbon group, for example 
phenyl or naphUiyl. 



25 



The icnn "hcterocyclyl" when used alone or m compound words includes monocyclic, 
polycyclic, fused or conjugated hydrocarbon residues, preferably C3.i.whc.i-eia one or more 
' caibon atoms (and where appropriate, hydrogen atoms attached thereto) are replaced by a 
heteroalom so as to provide a non-aromatio residue. Suitable heteroatonns include. O, N 
30 and S. Where two or more carbon atoms are replaced, (his may be by inv-o or more of the 
some heteroatom or by different heteroaloms. Suitable examples of heterocyclic groups 
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may include pyrtolidinyl, pyrrolinyl» piperidyl, piperazinyl, inoipholino, indolinyl, 
iniiazolidinyl, pyrazolidinyU ihiomprpholino, dioxsmyl, tctratiydrofLuanyii 
tetrohydropyranyl, icirahydnipyrrolyl etc* 

5 Each alkyl, alkenyl, alicynyU cycloalkyl, aryl or heterocyclyl group may be optionally 
subsatuled wiih Ci-jalkyU OH, OCi-salkyl, halo, CN, NO?. CO2H, COaCi.nalkyl. CONH2, 
CONH(C|,:,allcyJ). CON(Ci.3a!kyl)2, trifluoTomethyl, NH2, KEl(alkyl) or N(alkyl)3. For 
example, an optionally substituted aiyl group may be a 4-methyIphenyl or 4« 
hydroxyphenyl group, and an optionally substituted alkyl group may be 2-hydroxy ethyl, 

10 trifluoromcthyl or dilluoromelhyl. 

As ased herein, the tcim "amino acid residue'' refers to m a-a»T»mo acid or a p-aniino acid 
which IS attached to ihc naphthopyrandione structure, prefcreibly through the corboxylic 
acid group of the amino acid. The amino acid may be a L- or D- isomer and may have a 

35 naturally uccurilng side chain or a nou-naturally occurring s-ide chain. The amino acid 
may also be further subistituled in the a-position or the [}-po:s»itiun with a group selected, 
from -C,-Qalkyl, -Ci-CooJkenyl, -Cz-Qalkynyl, -(CH2)aC:ORa, -(CH2)uI<b, -TO3IU 
-(CH2)TaietenK:yclyl or -(CH2)naryl where R,, is -OH, -NH2, -INJHCt-Csalkyl, -OCi-C3alkyl 
or -Ci-Cjalkyl end Rb is -OH, -SH, -55Ci-C>alkyU -OCi-Caalkyl, -Co-Cocycloalkyl, 

20 -CvCfiCycloaikenyl, -NH2, -NHCi-Caalkyl or -NHC(C«iNH)N 1:12, n is 0 or an integer from 
1 CO 6 and where each ulkyl^ alkenyl, aBcynyl, cycloalkyi, cycloalkcnyK aryl or heterocyclyl 
group may be substituted with one i>r more groups selected from -OH, -NHj, 
-NHCj-Caalkyl, .QCi-Csalkyl, -SK, -SCrCgalkyl, -CO2H, -COjCi-C^alkyU -CONH2 or 
-CONHCrQ»alkyl. 

25 ' 

The term "a-amino acid" a^i used herein, refers to a compouud having an amino group and 
a carboxyl group in which the amino group and the carbox.yl group arc separated by a 
single carbon atom, the a-carbon atom. An a-amino acid inol.udes naturally occurring and 
non-naturally occun'ing L-anaino acids and their D-isomers and derivatives thereof such as 
30 salts or derivatives where functional groups are protected suitable protecting groups. 
The a-amino acid may also be further substituted in the oc-pc3sition with a group selected 
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from -C,-CioalkyK -Ci-Cioalkcnyl. -Ci-Cioalkynyl, -(CH2)nCORa, -(CHa^Rb* -PO3H, 
-(CH2)nJietcrooyclyl or -(CHi^naryl whcie is -OH, -NHCi-C^alkyl, -OCi-C?alkyl 
or Ci-Caulkyl and Rb is -SH, -SCrC^alkyl, -OCj-C^alkyl^ -Cj-Cizcyclo alley), 

-C3-Ci2cycloalkcnyI, -NH2, -NHCi-QaUcyl or -NHCCC::^NH)NH2, n is 0 or an integer from 
5 1 10 10 and where each alkyl, alkenyU alkynyl. cydoalkyl, cycloalkenyl. aryl or 
hctertx;yclyl group may be $ubstituted with one or more fiioxips sclectzed from -OH, -NH^, 
-NHCi-CsalkyU -OCi-Csalkyl, -SH, -SCrQjalkyl, -COzH, -COzCi-CaalkyI, -CONH2 or 
-CONHCrCsalkyl. 

10 AwS tjsed herein, the term "P-amino acid" refers 10 au amino add that differs from an 
Ot-aniino acid in thai there m> two (2) carbon atoms separating die csirboxyl terminiLH aad 
the amino rerniiiius. As such, p-amino acids with a specific side chaim can exist as ihc K or 
S cnantiomcrs at either of die a (C2) carbon or the p (C3) carbon, resulting in a total of 4 
possible isomei-s for any given side chain. The ,side chains may be Ihc same as those of 

15 naturally occuning a-amino acids or may be the side chains of no^a-naturaUy occurring 
amino acids. 



3 




2 ^COgH 



H2N 




COaH ^COzH 



20 Furthermore, the p-amino acids may have mono-^ di-, tri- or tetro-iiubstitudon at tiie C2 
and C3 carbon atoms. Mono-substitution may be at the C2 or C3 carbcm atom. 
Di-substitulion includes two substilucnts at the C2 carbon atom, two .substituents at die C3 
carbon atom or one substituent tit each ot* die C2 and C3 carbon atoms. Tri-substUution 
includes two substituenta at the C2 carbon atom and one substituent at the C3 carbon atom 
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or two suhsliiuenis oi flic C3 caibon atom tmd one subsiiiueni at ihe C2 carbon atom, 
Tetta-substitution provides ft>r two subsliiuents at the C2 carbon atom and two substituenls 
at the a carbon atom. Suitable substituents include -Ci-Q.alkyl, -Cj-Cftalkcnyl. 
-C2-aalkynyl. -(CH2)„COR.. -(Cn2)nRb, -PO.-,H. -(CHzWictcrocyclyl or .(CHj)aaryl where 

5 Ra is -OH, -NHi, -NHC,-C.,iilkyl, -OCj-Csalkyl or -Ci-CjalkyI and Rb >s -OH. -SH. 
-SC-Calkyl. -OCi-C,aDtyl, -Cj-Cocydoalkyl. -C,-acycloalkenyl. -NH2. -NHCi-CialkyI 
or -NHC(C=NH)NH2. n is 0 or an integer from 1 to 6 and where each alkyl, alkenyl, 
alkynyl. cycloalkyl. cycloalkenyl. aryl or hctcrocyclyl gnjup may be substituted with one 
or more groups selected from -OH, -NHj. -NHCi-Csalkyl, -OCi-Csalkyl. "SH. 

10 -SCi-Cjalkyl. -COjH, -COaCi-Caalkyl, .CONH2 or -CONHCrQalkyl. 

The term "non-nulurally occurring amino acid" as used herein, refers to amino acids having 
a side chain that docs not occui- in the naturally occurring L^ct-anihio acids. Examples of 
non-naniral amino acids and derivatives include, but are not limited to, use of notlcucinc, 
15 4-amino butyric acid, 4-amino-3-hydToxy-5-phenylpcntanolc acid, 6-aminohexanoic acid, 
t-butylglycine. norvalinc, phcuylglycinc, ornithine, sarcosine. 4-amino-3-hydroxy-6- 
methylhcptanoic acid, 2-thienyl alanine and/ot D-isomots of amino acids. 

If will also be recognised that the compounds of formula (1) may possess asymntetric 
20 centres and are thererore capable of existing in more than one stereoisomeric form. The 
invention thus also relates to compounds in substantially pure isomeric form at one or 
more asymmetric centres eg., greaier than about 90% cc, such as about 95% or 97% ee or 
greater than 99% ee, as well as mixtures, including racemic mixtures, thereof. Such 
isomers may be prepared by asymm.etric synthesis, for example using chiial intermediates, 
25 or by chiral resolution. 

The term '■phftmiflccuclcally acceptable derivative" may include any phammccutioally 
acceptable salt, hydrate or prodmg. or any other compound which upon administration to a 
subject, is capable of providing (directly or indirectly) a compound of formula (1) or an 
30 antivlrally active meiaboUiB or residue tlioroof. 
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Sultahle pbarmaccuticady acceptable salts include, but are not Mmiicd to, salts c^f 
phacmaceutically acceptable inorganic acids such as hydrochloric, ^bulphmic, phosphorio, 
nitric, carbonic, boric, sulfamic, and hydrobromic acids, or i^alis of pharmaceutical! y . 
acceptable organic acids such as acetic, propionic, butyric, iaruu*ic, maleic, hydn?Aymalcic:, 
5 fuinaric, malic, citric, lactic, mucic, gluconic, benzoic, succinic, oxalic, phcnylaceiic, 
methancsulphonic, toluenesulphonic, bcnzenesulphonic, salicylic, sulphanilic, aspani<:, 
glutamic, edetic, stearic, palmitic, oleic, lauric, pantothenic, tannic, ascorbic ai^d valeric 
acids. 

10 Base sidu iticlude, but arc not limited lo, tliose formed w5th phamiaceutically acceptable 
cations, such as sodium, potassium, lithium, calcium, magnesium, ziuc, amnionium, 
alkylamnionium such as sails formed from tricthyluminc, alkoxy ammonium such as those 
formjcd with eihanolamine and saUs formed from cthylenediamiae, choline or amino aci<ls 
such as argiiline, lysine or hisiidine. 

15 

Basic mttogen-conlaining groups may be quartemised with sadi agents as lower alkiyl 
halide, such as methyl, ethyl, propyl, and butyl chlorides, bromides and iodides; diaU^l 
sulfates like dimethyl and diethyl sulfate; and others. 

20 The term "prodrug" in used in ils broadest sense and encompasses those derivaiivcs that aire 
converted in vivo to the compounds of the inventitm. Such derivatives would readily occur 
to those skilled in the art, and include, for example, compounds in which a free hydroxy 
group is converted into a g)*oup, such cue an ester, carbonate or carbamate, which is capalsle 
of being converted in vivo back to a hydroxy group, A prodrug may include modifications 

25 of one or more of the functional groups of a compound of formula (1). For e;^ample, 
similar to tlic approach described in US 5,672,607, uniivlial naphthopyran prodrugs having 
enhanced water-solubility (c.g,, which are better for parenterally admini.siecrcd 
compositions) may be prepared by chemical reduction of the quinone functionalities to the 
concsponding quinols, followed by reaction with phosphorous oxycliloride to give the 

30 corresponding phosphoric acid esters. After in vivo administration of a compos»t.ion 
• containing such a soluhillzed antiviral naphtopyran prodrug, the prodrug will be reaciily 
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hydrolysed to the coircsponding quinol, which thereafter wiU oxidize to re-fonn In vivo the 
active parent antiviral naphthopyrsmdionc. likewise, other kinds of derivatives may be 
prtpared from the reduced quinol derivatives of the ontiviro! naphthopytandione; these can 
also serve as prodrugs for use in therapeutic compositions. For example, other types of 
5 esteritication (e.g.. aceiylation) may be used to produce antiviral naphlhopyran prodrugs, 
such a.s for ewmplc 7.8J0-triacetoxy-3.3-dimethyl-3/y-napthol2,l-blpyrQn. Again, after 
/„ v.v« administration the prodrug would be readily hydrolysed and oxidized to its parent 
. active nntlvhrrf nophthopyran compound. 

10 ma first aspect, there is provided a method of treatment or prophylaxis of hepatitis B virus 
in a subject comprising administering to said subject an eifcciive amount of u compound of 
Formula (I): 

"R5 









o 
















R7 


0 





Rb"' 



(1) 

wherein X is OH, OR9 f"" halo; 
15 R and arc independently selected from )I. C,.,alkyl, Cj.fiaDcenyl. Cjoalkynyi. 
C^cydoalkyl. aryl. or together with the carbon atom to which tbey arc attached form a 
saturated or unsawrated Cs-scaibocyclic ring; 

R^ and R, are independently selected from H. C.^alkyl. C^alkenyl, Ca-oalkynyl. 
C,<icycloalkyl or together with the bond between Uic carbon atoms to which they are 
20 attached form a double bond; 
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R4 and Rs are independently selected fn>m H, Ci^iolkyl, Ci-galkenyl, Ca-ea^kynyl, 
Cs^cycloalkyl, OH, OR9, halo or NRioRiii or together with the bond between the caibon 
utouis to which they arc attuuhed form a double bond; 

Re and R7 are independently selected from ii, Ci^alkyl* Ca^alkenyl, C2 6alkynyl, 
5 Cn.ftcycloalkyl, OI-! or OR9; 

Rg is indcpcndcnily selected from H, d-oalkyl, Cj-calkcnyl, Ca^alkynyl Cj^cycloalkyl, 
OFI, OR9 or halo; 

Ro is Ci-ftalkyl, C^^alkenyl. Ca-ealkynyl, Cj-ccydoalkyK aryl, C(=0)R|i or S(0)2Rj2 or OR9 
is an amino acid residue; 
10 each R 1 is independently selected from H and C i^alkyl ; 

R:i is Ci.2ialkyl, Ca.jjalkeayl, C2-2ialkynyl, Cs-scycloidkyl, Cs-tscycIoalkylCi-ealkyl, aryl or 
arylCiHjalkyl; and 

R)a is Ci-ealkyl, C2.6aJkenyl. C2.6alkyuy] or aryl, 

15 In another aspect there is provided a compound of Formula (.1 ), with the proviso that when 
R and Ri arc both methyl and R is OH or OR?, R5 is not selected from OH, ORv or NHRv 

In a preferred embodiment one or more of tlie foUowhig definitions apply: 
X is OH, OCi-frUlkyl or halo; 
20 R and Ri are independently selected from H or Ci-jiallcyl or together with the carbon atom 
to which they ore attached form a saturated or unsaturated Cj-ecaibocyclic ring; 
R2 and R3 are each hydrogen; 

R4 and R,5 arc independently selected from H, OH, OR9, or halo or together with Qic bond 
between the carbon atoms to which Lhcy arc attached fonn a double bond; 
25 Rc and R7 arc independently selected from H, OH, Ci^alkyl, Ci^alkoxy; 
Rs is H, OH, OR.9, Ci.^alkyi or halo; 
R9 is C(=0)Rii or S(0)2Rii; 
R|i isCi.2ialkyl; 
R12 is Cj.ealkyl, phenyl or tosyl: 

30 

Preferred compounds of the iiivention include those of formula (2): 
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whetein R, Ri, R2, R4 and R5 defined as for formula (1). 

Preferred compounds of the invcuticm include; 
5 84iydroxy-3,3-dimcthyl-3H-naphaiol2,l-fr]pyran-7,10-dionc, 

8- hydroxy-33-dirTiethyl-l,2.dihydro-3^f-naphlho|2j-fo]pyran-7,10-di 

9- broiro-8-hydroxy-3,3-dimcthy I- 1 .2-diKydro-3^-naphtlic>[2,l 1 0-dione, 
9-bromO'8-hydro7;y-3,3-dimeaiyl-3H-iiaplitht)[2,l./?Jpyran-7,10-dlone» 
9-bronio-3,3-dimeibyl-8-(4-methylbcuz«nesuUonyloxy)-U2-dihydro'3//-naph^^^ 

10 ran-7,10'ditme, 

9-bromo03-dimelhyl-8K4-methylbcQzenesulfonyloxy)-3/^naphtho[2,l-2>Jpyr 

dlone^ 

8- acctoxy-3,3-dimeaiyl-3//-naphtho[2,l-/?Jpyran-7JO-dione, 
2,9-d^bromo-^8-dihydTOxy-3,3»duneth>l-l/2-dihyd^o%'^//-uaphthot2,^^^Jp>l^^ 

15 8.9-dicbloru-3,3-dimcthyl-l>dihydro-3/y-naplixhot2a-fc|pyrmi.7,l0-^^^ 
7,8.1 0-tri accro.^ y-3 ,3 -dimethyl -3/f-naphtho[2, 1 -bjpyran, 

9- Bromo.8-hydToxy-3,3-dimcthyl-3//--naphthot2.1-^lpyran-7JO-dioae. 
9-Broino-8-hydroxy-3,3-dimethyl-3ff-naphiho[2,l-Wp>'ratv7,10-dione. 
9-Broir)J>-3,3-dimethyJ-8-(4-iiicthylbcn7.enesulfonyloxy)' 1 .2-dihydro-3/f-naphthoL2, 1 - 

20 ^]pyran-740-dioac. 

9-BTOmo-33-dimethyl-8-C4-mediylbenzcnesulfonyloxy)-3W-naphthoL2,l-^>|p^^ 

dlone. 
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8-BTomo-33-dimethyl-9<4-mcthylbeazenesulfoTiyloxy)-3//-naphthor2, 1 -*]pyruii-7. 1 6- 
dione, 

8-Bromo-3,3-dirneQiyl-9-(4-mBthylbBnzcDesalfonyloxy)-l,2-dihydro-3W-naph^ 
|>]pyTan-7, 10-dionc, 

5 8,9-Dicliloro-3 »3-diTncihyl - 1 ,2-dil^ydro-3W-naphthor2, 1 -fe]pyran-7. 1 (Vdione, 
Sodium 3,3-dimethyl-740-dioxo-7,10-dihydro-3H-benzo|Jlchroinen-8-olat 
Sodi\jm3,3-dimethyl.7,8-dioxo-7,8-dihydro-3^'benzol/]chromen-10"OlRte 
8-Hydroxy.3-ineaiylO-phcnyl-3H-bcnzo[f]chromcne-7,10-dione, and 
8-HydToxy-33-diphenyl-3 f/-benzo[/]chromeTi6-7 , J 0-dLonc, 

10 

Preferably th& compound of Formula ( 1 ) is: 

8-hydroxy-3,3-diniethyl-3/f-naphtho[2J -/?lpyran-740-dioi3e (compound (1)), 
8.hydmxy-3,3-dimclhy]- \ ,2.dihydro-3H"-uaphthoi2,l-Z?lpyTan'7,lO-dione (compowd (2)). 

15 In another embodiment the compoimds of the inventiou include those of formula (3): 




(3) 

20 wherein R, Ri, R^, Rj. R71 Rs, ond'x are as defined for formula (1) and Rr. is 
selected from H, Cuealkyl, C2.6alkenyU C2.6iilkynyl, Cj^cycloalkyl, halo or NRioRio or 
logellicr with R5 axid the bond between the carbon atoms 10 which R+ and R5 arc attached, 
fonu a double bond. 
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Compounds of Foimula (1) may be prepai*ed using the methods depicied or dcsctibed 
herein or known in the art. it will he understood thai minor modifications to methods 
described herein or known in ihe art may be required to synthesize particular compounds 

5 of Formula (I). General synthetic procedures appMcuble to the synthesis of compounds 
33ifly be found in standard references such as Comprehensive Organic Tramformationa, R. 
C. i-orock, I989i VCH Publishers Bmd, Advanced Organic Chemistry, J. Maxell, 4th Edition 
<1992), Wiley InlcrScience, and references therein. It will also be recognised that certain 
reactive groups may require protection and deprotection during the syniheiic process. 

10 Suitable protecting and deprotecting meihixis for reactive functional groups are known in 
the art for example in Protective Groups in Organic Synthesis, V, W. Greene & P. Wutz, 
John Wiley & Son, 3"^ Edition, 1 999. 

The compounds of the present invention may be prepared according to the general 
35 procedure of Scheme ! . 
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An appropriately substituted 2,6-dihydroxynaphihalcne (3) is reacted with an appropriately 
subsututed enal or enone (4) in the presence of a stiitable base to effect cycHsation and 
provide a naphthopyranol (5). The naphfliopyranol is then oxidised by a suitable oxidant 
to the cotresjjonding intermediate oithoquinoue (6), before being reduced by a suitable 

5 reducing agent and further oxidised by a suitable oxidant tt> the desired napbthopyrandione 
(7). Further modification of the substituenls on the napbthopyrandione may be effected 
using chemical approaches known to those skilled in the art for die generation of the 
desired substitucnt or substicuents. Those skilled in the an may utilise conventional 
approaches tx> protect and deprolcct certain functional eroups during the reaction sequence. 

10 Such methods arc well known in die art and include for ejtamplc those described by 
Greene and "Wutz (supra). The reaction sequence described in Examples 1 and % exemplify 
the preparation of compokuids (1) and (2) and provide an example of how the reaction 
sequence of Scheme I is utilised. Tho.se skUIed in die art will appreciate thai a wide 
variety of reaction conditions, including solvents, bases, oxidising agents, reducing Bgents, 

15 temperature and time of the reaction, may be utilised to effect the desired irimsformalioti. 

A substituted cnone such as (4) may. dependant upon the exact nature of ihc reagents and 
conditions used, add to the substituted 2,6-dUiydroxynaphOialene (3) in the opposite 
orientation to that sh.nvn in Scheme 1 and still provide a naphthopyian product. Such a 
20 reaction is sho^^'n in Scheme 2, aiid provides naphthopyranol (8). Naphthopyranol (8) may 
be isoraevised to provide a naphthopyranol effectively of general formula (5). which may 
then be subject to further reaction in accordance with the general procedures of Scheme 1 
to provide compounds of Formula (1). 
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Alternative syathetic procedures which provide compounds of Formuia (1) are shown in 
Schemes 3 and 4. la Scheme (3) an appropriately substituted butyne (9) is reacted with an 
appropriately substituted hydroxy tctralone (10). The group L is any siiilable leaving 
group und includes groups such as a bromo, chloro, and bydroxyl. Reuciion beiwcca the 
tetrulonc and ihc butyne may be acid or base catalysed to provide nnphthopyraii (12), In 
some cases the reaciion may be cojiducted in one pot however an intermediate (11) may be 
isolated. Intermediate (I I) may conveniently be cycllsed for example by healing in the 
presence, of a suhable base> such as diethylanilinc. The cycliscd product (12) in then 
oxidised to afford the quinonc (13) which may then be further modified to provide other 
compounds of Formula (1). 

Scheme (4) outlines a similar reaction sequence to thai of Scheme (3) which would start 
with an appropriately substiturcd hydroxy naphthalene. This is based upon work reported 
by Bigi ct al, J. Org. Chcm,, 62, 7024-7027 (1997). The cyclised naphthopyran (15) could 
\ 5 be treated as per compound (5) of Scheme (1 ) to provide compounds of the inventioa 

Many other methods of preparing benzopyrans have been rcponed In the chemical 
literature and those skilled in the art may adapt these methods to pa^vJde compounds of ihc 
present invention, sec for exiunplc, Ishino et aL^ Syn. Comm.* 31» 439-448 (2001). 



5 



10 
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Scheme 4 




(15) 



F\arther mudificalioa may include dctivatisalion of dovble bonds. For example, when Ra 
5 and R5 together with ilic bond betwecao the carbon atoms to which they are aitached form a 
double bond^ the double bond may be derivatlsed by addition, oxidation or rcduciion 
reaciions. An example of po^i-siblc dcsrivatlsaiion of such a double bond is given in Scheme 
5. Following reductive acetylatioti to protect the quinone portion of the compound, 
opoxidation of the pyran double bord, sub.se<inent ring opening of The epoxide with an 
* 10 amine, and dcproiection and oxidation to regenerate the qiunone may be effected. Those 
skilled in ilie art could readily detemdne appropriate reagents and conditions to effect such 
transformations. 



wo 2005/095376 



PCT/AU2005/000453 




oxWation 




A person skilled in the uri would be able t" modify such a reaction ^icheme by using 
5 different reugcnt^j to open the epoxidct using sisymnietric epoxidation catalysts and var>'ing 
■ the namre of the substiiLioats. 

As used heroin, the tcrin "cffeciivc amoixnV' relates to an amount of compound which, 
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when administered according to a desii-ed dosing regimen, provides the desired hepatitis B 
virus treatmeni or ihcrapeutic activity, or disease prevention. Dosing may occur at 
iiitervjxls of minutes, hours, days, weeks, months or years or continuously over any one of 
these periods, A therapeutic, or treatment, effective amount is an amount of the compound 

5 which, when admiiustered according to a desired dosing regimen, is sufficient to at lea.si 
partially attain the desired therapeutic effect, or delay the onset of, or inhibit the 
progression of or hall or partially or fully reverse the onset or progression of hepatitis B 
virus. A prevention effective amoimt is an amount of compound which when odministercd 
according to the desired dosing regimen is sufficiem to at least partially prevent or delay 

10 the tmset of a particular disease or condition. 

Yet another aspect of the preKent invention provides a use of a compound of Formula (1) in 
the preparation of a medicament for treating or preventing hepatitis D virus. 

1 5 Suitable dosages may lie wiUiin the range of about 0.1 ng per kg of body weight to 1 g per 
kg of body weight per dosage. The dosage is preferably in the range of 1 M-g I g per kg 
of body weight per dosage, such as i» in the migo of 1 mg to 1 g per kg of body weight per 
dosage. In one embodiraeni, the dosage is m the range of ! mg to 500 mg per kg of body 
weight per dosage, hi another embodiment, llic dosage is in the range of 1 mg to 230 mg 

20 per kg of body weight per dosage. In yei another preferred embodiment, the dosage is in 
the range of 1 mg to 100 mg per kg of body weight per dosage, such as up to 50 mg per kg 
of body weight per dosage. Tn yet another embodiment, the dosage Is in the range of l^g 
. to Img per kg of body weight per dosage. 

25 Suitable dosage amounts and dosing regimeas can be determined by the attending 
physician and may depend on the severity of the condition as wcU as the general age, 
health and weight of the subject. 

The active ingredient may be administered in a swingle dose or a series of doAcs. Wliile it is 
30 possible for the active ingredient to be administered alone, ii is preferable to present it as a 
composition, preferably as a pharmaceutical composition. 
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According to a further embodiment there is provided a method of treatment or prophylaxis 
of hepiitltls B virujs comprising adminiJStering on effective amount of a compound of 
Fomiula (1) and a second therapeutic agent, 

5 . 

When administered as a combination, the compound of Formula (1) and the second 
therapeutic agcnl may be adminisicrcd simultaneously, separately or sequentially. 

The second Aerapeutic agent may be a known antiviral or antLrctroviral agent or another 
10 pharmaceutical used in the treatment of viral infcctums. Representative examples of 
suiiablc second tlicrapeutic agents include imm\inomodulators, inmiunostimuUmts and 
ontibioiics. Exemplary imtiviTai agent^i include acyclovir, val-acyclovir, pcnciclovir, 
famciclovir, ganciclovir, foscaraet, ribavirin, interfcron-alpha. PEGTinlcrferon-alpha, 
lamivudinc, adcfovir, thymosin alpha I, entccavir. tdbivudine, emtricitabine. elvucitabine, 
15 MCC-478, hcpavif B, M1V.210, valtorcitabine, HepeK-B. Zidovudine, didaaosine, 
zalcitabine, slavudine, lamivudine. abacavvr. tenofovir, emuricitabine, saquinavir, indinavir, 
neirmavir, amprenavir. ritonavir, azatanavir, nevirapine/delavlrdine, efavjrenz, enfurvitide. 
mzivii, combivir. kalctra. M1V310, mozenavir. SPD754, SPD746, T1249, TMC125, 
TMC114, VX-175, tipranavir olhcr non- nucleoside reverse transcriptase iiihibitors and 
20 protease inhibitors, Exemplary inmiunomodulaiors and immunoslimuiants include 
interrcron alpha, PEG-inierfcron, thymosin alpha I, HepeX-B, HBV immunoglobulin, 
HBV monoclonal antibodies, and vaccines such as En&erixB, Havrix, H-B-Vax infanrix 
hep B, twinrix. Preferably the second therapeutic agent iJ5 an agent suitable for the 
treatment or prophylaxis of hepatitis B virus in ft subject. Sucli therapeutic agents include, 
25 but arc not limited to interferon-alpha, PEG -interferon- alpha, lamivudine, adcfovir, 
thynosiJi alpha 1, entccavir, iclbivudijie, emtricitabiac, elvucitabiuc. MCC'478, hcpavir B, 
MfV-ZlO, valtorcitabinc, and HepeX-B. 

; Still onotlier aspect of the present invenlioa relates to a pharmaceutical composition 
30 comprising a compound of Formula (1) and a pharmaceuticaJly acceptable carrier, diluent 
or excipient. 
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The formulation of such compositions is well known to those skiUcd in the art. The 
conjposiiioia may conlain pharmaccutically acceptable addiiives such as carriers, diluents 
or exciplcnis. These include, where appropriate, all conveniional solvents, dispersion 
5 agents, fiUcxs, solid carrierx. coaling agents, antifungal and antibacterial agents, denmal 
penetration agents, surfactants isotonic and absorption agents and Ihc like. It will be 
understood that the compositions of Oie invention may also include other supplemenlaiy 
ph^iologicolly active agents. 

10 Tlie carrier must be pharmaccuticalJy acceptable in Ihc sense of being compatible wiQi the 
other ingredients of the composition and not injurious to the subject. Compositions 
include those suitable for oral, tcclal. iuhalaUonal, nasal, transdermal, topical (including 
buccal and sublingual), yaghxnl or parenteral (including subcutaneous, inUamuscular. 
intraspinal, intravenous and intradennal) administcatioa. The compositions may 
15 convcnicnUy be presented in unit dosage form and may be prepmed by any methods well 
known in the art of pharmacy. Such methods include flw step of bringing into assoriaiion 
the acUve ingredient with the carrier which con-stiiutes one or more accessory ingredients. 
In general, the compositions are prepared by unifomO-y and inthnately bringing into 
nssociatio-n the active ingredient with liquid carriers or finely divided solid earners or both, 
20 and then if necessary shaping the product. 

Depending on the disease or condition to be treated, it may or may not be desirable for a 
compouad of Formula (1) to cross the blood/brain barrier. Thus the compositions for use 
in the present invention may be formulated to be water or lipid sioluble. 



25 



Compositions of the present invention suitable for oral adnxinistralion may be presented as 
discrete wits such as capsules, sachets or tablets each containing a predetermined amount 
of die active ingredient; as a powder <ir granules; w a solution or a suspension bi an 
aqueous or non-aqueovjs liquid; or as an ojl-iu-water Uq.uld emulsion or a walcr-in-oil 
30 liquid ctaiulsion. The active ingredient may also be presented as a bolus, elect\jary or 
paste. 
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A tablet may be made by compression or moulding, optionally with one or more acctsssory 
ixigredient-s. Compressed tablets may be prepared by compressing in a suitable machine 
the active ingredient in a free-flowing form such a powder or granules, optumally mixed 

5 with a binder (eg inert diluent, preservative, disuuegraiit (eg. sodium starch glyooiate, 
cross-Hnkcd polyvinyl pyrrolidone, cross-linked sodium ciirboxymethyl ccllulo.se)) 
surface-active or dispersing agent. Nfoulded tablets may be made by moulding in a 
suitable machine a mixture of the powdered compound moistened with an Inert liquid 
diluent. The tablets may optionally be coated or scored and may be formulated so as to 

10 provide .slow or controlled release o£ the active ingredient therein using, for example, 
hydroxypropylmcthyl cclUdose in varying proportions to provide the desired release 
profile. Tablets may optionally be provided with an enteric coating, to provide release in 
parts of the gut other than the stomach. 

15 Compositions suitable for topical administration in the mouth include U>zcnges comprising 
the active ingredient in a flavoured base, mually sucrose lUid acacia or tragacanth gum; 
pastilles comprising the active ingredient in on inert basi.s such as gelatin and glycerin, or 
sucrose and acacia gum; and mouthwashes comprising the active ingredient in a suitable 
liquid carrier. 

20 

Tlic compounds of Fonnula (1) may also be administered iniranasully or via inhalation, for 
example by atomiser, aerosol or nebulizer means. 

Compositions suitable for topical adminisu^tion to die f>km may comprise the compounds 
25 dissolved or suspended in any s>uiiable carrier or base and moy be in ihc form of lolions, 
gel, ci-eams, pastes, ointments iii\d the like. Suitable canicrs include mmeral oil, propylene 
glycol, polyoxyethylenct polyoxypropyfene, emulsifying wa:x, sorbitan monostcaralc, 
polysorbate 60, celyl esters wax, ectearyl alcohol, 2-octyldodecanol, benzyl alcohol and 
water. Transdermal devices, such as patches, may also be used to administer the 
30 compounds of the invention. . 
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Compositions foe reclal administration may be presented as a s\jpix)sitory with a suitable 
conicr base comprising, for e^camplc, cgcoa butter, gelatin, glycerin or polyethylene 
glycol. 

5 , Comptiiiitlons suitable for vaginail adminisiration may be presented us pessaries, tampons, 
creams, gels, pajstesi foams or spray fonnulalions conlainiiig in addition to the active 
ingredioni such carriers "ii arc known in the art to be appropriuie. 

CompoJiilions suitable for parenteral administration include aqueous and non-aqueousi 
10 isotonic sterile injection solutions which may contain anii-oxidanis, buffers, bactericides 
and solutes which render the composition isolouic with the b\ood of the intended recipient; 
and aqueouii and non-aqueous sterile suspensions which may include suspending ;igcnts 
and thickening agents. The compositions may be presented in unlt-dosc or Tmulti-dose 
sealed conUiincrs, for example^ ampoules and vials, and may be. stored in a freeze-dricd 
15 (lyophiiised) condition rcquiriag only the addition of the sterile liquid carrier, for example 
watea: for injections, immediately prior lo use. Extempt^rancous injection solutions and 
suspensions may be prepared from sterile powders, granules and tablets of ihc kind 
previously described. 

20 .Preferred unit dosage compositions are aiose containing a daily dose or unit, daily 
sub-dose, as herein above described, or an appropriate fraction thereof, of the active 
Lugrediem. 

It should be underjitood thai in addition to the active ingredients paiticularly- mentioned 
25 above, the compositions of UiLs invention may include other agents conventional in the art 
having regard to the type of c:omposition in question, for example, ihose suitable for oral 
administration may include such further agents a-s binders, sweeteners, thickeners, 
flavouring agents, disintegrating agents, coating agents, preservativeH, lubricants and/or 
. time delay agents. Suitable «vyeetcneT.s include sucrose, lactose, glucose, a^spartame or 
30 saccharine. Suitable disintegrating agents include corn starch, metlnylccHulosc/ 
polyvmylpyrrolidone. xanthan g\im, bratonile^ alginic acid or agar. Suitable flavouring 
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agents include peppermint oD. oil of wlntergreen, cherry, orange or raspberry flavouring. 
Suitable coating agcnte include polymers or copolymers of acrylic acid and/or methacrylic 
acid and/or their esicrs. waxes, fatty aleohols, zcin, shellac or gluten. Suitable 
preservatives include sodium benzoate, vitamin E. alp ha- tocopherol, ascorbic acid, melliyl 
S paraben, propyl paraben or sodium bisulphite. wSuiiable lubricanis include mogncsium 
stearate. stearic acid, sodium oleatc, sodium chloride or lalc. Suitable lime delay agents 
include glyceryl monostearate or glyceryl dLstearatc, 

Those skilled in ihc art will appreciate that the invention described herehi is susceptible tc» 
10 variailons and modifications other than tho.se specifically described. It is lo be undcrstotxi 
thai the invention includes all J^uch variations and modiricaxions which fall within the spirit; 
and scope. The invention also includes all of the steps, feiitiircs. compositions and 
compounds referred to or indicated in this specification, individually or coUecilvely* andl 
any and all combJnuiions of any two or more of said steps or features. 

15 

The invention will now be described with reference to the following ejcamples which are 
included for the purpose of illustration only and are not intended to limit the generality of 
die invention hereinbefore described. 



20 EXAMPLES 
Example 1 

Compound 1 : 9'liydroxy-3,3'dlmethyU3H^naphtho[2,l'b]pyran-7, lO-dlone 
St*p 1: 3,3'Dim^thyJ''3H'rtaphthaf2,I'bJpyran'8'Ol 

25 • A mixture of 2,6-dihydtoxyniiphtlialene (50.0 g, 0.312 mol), 3-mcthyl-2-butBnal (30 m^, 
26.24 g, 0.3 12 mol) and pyridine (38 mL, 37.02 g, 0.468 mol) were heated under reflux Tor 
3.5 h. The mixture was cooled to room temperature, diluted with dichloromcthanc (5O0 
mL). filtered tlttough a sintered glass funnel (porosity 3) then washed with aqueous 
hydrochloric acid solution (1 M, 2 x 250 mL) and water (1 x 250 mL). The organic layer 

30 was exu-BCted with a solution of aqueous sodium hydroxide (2 M, I x 250 niL and 1 x 1 ^5 
mL) and iho combined aqueous extracts cooled in an ice-sah bath, acidified (with stinirag) 
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wiih aqueous hydrcwhloric acid solution (5 M) uiutil a creomy-white precipitate formed (pH 
~ 2). The solid was surred for an additional 10 miii with cooling, collected by filltation, 
washed with water and dried under high vacuixm at 40 ''C to afford the desired crude 
product as a fluffy wliiic-grey solid (43.9 g, 62 .%). The crude product was used in the 
5 subsequent reaction without further purification. 

Rccrystiilliscd from diethyl elhcr/he;tane m.p. 12C-123''. S (^H) (300 MHz. CDCIg) 1.47, 5;. 
2 A CH3; 4.77, s, OH; 5.71, d, J 10.2 Hz, H2; 6.>-7, d, J 10.2 H/. HI; 7.02, d. J 8.7 Hr., H5; 
7.03, s, H7; 7.10. dd, J 8.7. 2.7 ^z, H9; 7.48, d, J 8.7 Hz. H6; 7,85, d, / 8.7 Hz, HIO. 
10 (ES^ 100 V) 471 (2M+H+H2O, 1 00%), 245 CM+-H+I taO, 62), 227 <M+H, 63). 

Step 2: 3,3'Jyimethyl'3H'naphthol2,l-b]pyran':7,S-di<>ne 

To an oxygen saturated solution of 3,3-dimctlmy]-3//-naphlo[2,l-/^Jpyran-8-ol (3.0 g, 13 
mmol) in acctonilrilc (70 mL) Nvas added catalytic amounts of 

15 //,AfrBis(5alicyHdene)ethylencdlamineiicobalt(H5 hydrate, ([Co(n)(Salen)2l) (300 mg, 0.91 
minol, 7 mol%), and oxygen was bubbled fliarough the mi^cture until the reaction was 
deemed completed (generally 4.5 h) by TLC C^e-^anc-ethyl acetate 4;1) or HPLC. The 
orange/brown reaction mixture was diluted with ethyl acetate and the entire mixture 
fdtcred Qirough a plug of fla.sb silica (11 x 7 cm) to remove the catalyst. The plug was 

20 wasiied with ethyl acetaie imtil the elucnt was tfccarly coloturlcss. The solvent concentrated 
in vacuo and the residue dried under high vaout»xn to afford the deshcd cmde product as an 
orange solid (2.73 g, 86%). The crude prniauci was ii5ied m the subsequent reaction 
without further purification. 

25 The product was rccrystalliscd from ctliyl acbeiatc/hexanes to afford red needles; m.p, 
! 89-193** 5 (^H) (300 MHz, CDCh) 1.50, s, 2 x CH3; 5.92, d, J lOA Hz, H2; 6.43, d, J 10.4 
Hz, HI; 6.71, d, J 10.5 Ffz, H9; 6.84, d, / 8.6 H5; 7.72, d, J 10.5 Hvi, HIO; 7.97, d, / 
8.6 Hz, H6. r?i/z (ES^ 30 V) 263 (M-fNa, 9%), 242 (M+H+l, 19). 241 (M«fH, 100), 

30 Step 3: 9'Bydroxy'3,3-dimethyl'3^'naphtho[::^,l-b}pyran*7,lQ'dtone 

A solution of 3,3-dmiethyl-3iFf-naphtho[2,l-fc»Ipyran-7,8-dione (4.59 g, 19.1 mmol) in 
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toluene (340 mL) was washed twice with a solution of .sodiimm dithionite (24.9 g. 0,143 
moJ) in water (250 niL). The yellow organic layer was then added in one portion to a 
oxygen saturated solution of potassium terZ-butoxide (12,19 115 mmol) in /m-buianol 
(110 mL) and tlie resulting mixture was stirred at room temp«ature with oxygen bubbling 

5 . for an additional 30 niin CNOTE: longer periods appears to r^suk in reduced yield). Tlic 
resultant dark red solution was acidified with aqueous hydrocJilorjc acid solution (initially 
2 M then 5 M) uTiia the colour turns yellow/orange (pH - 1>, then water (- 40 mL) was 
added 10 dissolve the formed salt, and the layeni separated. Thic organic phase was washed 
with water (1 x 85 mL), and then extracted with a saUiratocJ aqueous sodium hydrogen 

10 carbonate .solution (5 x 85 mL). The combined aqueous extraots were tran^sferred back into 
the separating funnel and allowed to settle for 1 h (to separato further amounts of toluene) 
and die layers separated again. The combined base cxU'acts w^rc cooled in an ice-salt bath, 
carefully acidified (aqueous hydrochloric acid, 5M, ~ 80 tDLD dropwisc over 30 min with 
stirring until the colour turns pale yellowish (pH - 1-2). The resultant precipitate was 

15 further cooled in the ice-salt balh with stirrmg, the Rolid collected, washed wiQi water 
(-100 mL) to remove coloured impurities, and the orange/bTowii solid was rccry^italHscd 
(absolute ethanol) to alloid the desired product as orange coloured crystals (L04 g, 21%), 
m.p. 208" 5 ('H) (300 MHz, CH^Cls) 1.48. s, 2 tc CHy, 5.94. J 10.5 Hz., H2; 6.23. H9; 
. 7.03. d, ./ 8.4 Ht:. H5; 7.83, d. J 10.5 Hz, HI; 7.99, d, J 8.4 Hz, H6, m/z (ES\ 100 V) 279 

20 (M+Na, 100%). 257 (M+H.46), 159 (46). 137 (49), 86 (44), 59 (50). 

Example 2 

Compound 2: 8-Hydro7^y*3,3'dlmethyUl,2'dihydr€i'3H-napjH^th^^^ 

A mixture of 8-hydfoxy-3,3-dimcthyi-3f/-naphthol2,l-/?]pyr-an-7,10-dionc (132 mg, 0.52 

25 mmol) and platinum (IV) oxide (15 mg) in ethyl acetate C 15 mL) was stirred under an 
atmosphere of hydrogen for 7 h. The resulting mixture was stirred in air for 1 h then was 
filtered through a pad of diatomaccous earth. The pad was washed wilJi cthyj acetate then 
the nitrate and washmg?* were combined and cocneiratcd i^^ vacuo to give a green solid 
(128 mg, 96%). Recry.stalIisation from ethyl acetaieyhcxane."* using activated charcoal gave 

30 8-hydroxy-3,3-dlmethyl-1.2-dihydro-3H-naphiho[2,l-bIpyraxi.7.10-clione m.p. 183.5-187". 
8 CH) (300 MHz, CDCI.0 1.37. s, 2 x CH?; 1.85, t. J 6.8 H:^, 2 x H2; 3.30, t, / 6.8 Hz. 2 x 
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Hl; 6.20. s. H9; 7.03. d, J 8.6 Hz, \{5\ 7.98, d, J 8.6 Hz, H6. jni/j <BS\ 30 V) 259 (M+H. 
77%). 174(88). 159 (100). 

Example 3 

5 Compound 3: 8'Acetoxy*3,3'dlmethyMH'naphtho[2,l'h]pyr€9n'7,20'aione 

Concentrated sulphuric acid (I drop) was added to a stirred oran£c siLspcnsion of 
8-hydroKy-33-dimctbyl-3//-naphthoL2,l-i^lp>r'»ti-7,lO-dioae (855 3.34 nimol) in 

acetic anhydride (10 mL) and ihc mixture was placed in an oil bath (oil bath icmperatitrc 
100' C). The mixture immediately became homogeneous red-black. After 10 mm the 

10 mixture was cooled, (ice/water bath) and. water (50 mL) added. Products were extracted 
with eihyl acetate (150 mL). the organic phase separatedL dried (NazSOa) and filtered . 
.through a silica plug, washing the plug with ctliyl acetate imcil no further colour eluted. 
The nitrate was concctitrated in vacuo and ihc residue wa.s dxicd overnight under vacuum 
to afford the title compound as a red solid (965 mg. 97%). 'K NVTR (300 MHz, CDCl?) P 

15 1.48 s, 2 X 2.37 (3H, COCH3). 5.94 (IH, d. / 10.5 Ifz, H2), 6.34 (1 H, s, H9), 

7.07 (11:1, d, J 8.4 Hz. H5), 7.73 (IH. d. / 10.5 Hz, HI), 7.97, <1I-I, d, J 8.4 Hz, H6). 

Example 4 

Compound 4: 7,8,10''trtacetoxy'3y3'dimethyt'3H''naphtho[^^I-bJpyran 
20 A stirred solution of 8-hydrDxy-3,3-dimcthyl-3H-naphtbol2,l-blpyran-7,10-dione (110 
mg, 0.93 minol) in acetic anhydride (3 mL> and pyridme (4 anL) was heated in an oil baOi 
at 60*^0 for 15 mln. Ziiic powder (530 mg) was added iix one portion and the mixLvure 
became pale yellow. After 15 min healing, the mixture was cooled to room tempeniLure 
and filtered through a sinter (porosity 4). with ethyl acetate washingi*. The filtrate was 
25 poured onto ice/water (20 mL) and ecidificd with aqueous liydrochloric acid solution(2.0 
M). The organic phase was separated and the aq^ueous phase washed with ethyl acetate (3 
X 50 mL). The combined organic phases were dried (Na2S04), filtered and concentrated in 
vacuo. The resulting solid was recrystaJJi-sed from ethanol lo afford the title compound as 
a colourless solid (96 mg, 58%). IH NMR (300 MHz, CDCI3) 5 1.46 (6H, s, 2 x CH3), 
30 2.31 (3H, COC//J), 2.37 (3H, s. COCHS). 2.43 (3H, s. COC//5), 5.64 (JH, d, J 10.1 Hz, 
H2). 7.11 (iH, s, H9), 7.12 (IH, d, / 9.0 Hz, H6),7.23 (IH, d, J 10.2 Hz, HI), 7.67 (IH. d, 
J 9.0 Hz, H5). 
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Example 5 

Compound 5: ^-Bromo-S-hydroxy >3,3-dlniethyl-3//-naphtbu[2,l^]py ran-7 ,1 0-dlose 




5 A solutioa of bromine (354 mg, 2,21 mmol) In dry dichloromcthane (4 ml-> was added 
dfopwise to a cooled (0^ C) solution of 8-hydroxy-3,3-di)meihyl-l,2-^aiydro-3^- 
naphthor2,l-/?]pyraii-7J0-dione (506 mg, 1.96 ramol) in dry dichloroinethamc (4 mL) 
containing 3 drops of glacial acetic acid. The cooling baih was removed and tlie mixiure 
was slixred ai room temperature for 20 ndn then concentrated in vacuo to afTord 9-bromo- 

10 8-hydroxy-3,3-diirethyl-l,2-dihydro-3f/-naphtho[2,i-/>Jpytan-7,l 0-dione as a bright 
orange powder (635 mg, 96%): m.p. 213-216** C (Found: C. 53.5; H, 4.0, CuiHviBtOa 
requires C, 53.4; H, 3.9 VBwx3316in, 1660s, 1642s, 1364s, 1286s, 1Z«2!S, 1174m* 
I ll4s, 1048s cm *H NMR (300 MHz, CDCI3) 5 1.38 (6H, 2 x Cl^), 1.S7 (2H, t, 7 = 
6,8 Hz, H2), 3.32 (2H, t, 7 = 6.8 1 fz. HI), 7.06 (IH; d, /= 8.6 Hz, H5), 8.00 (L J-l, d, /= 8.6 

15 Hz. H6). m/z (RSr) 339 (M[*'Brj4-H), 337 (Mf^^BrJ+H). 

Example 6 

Compound 6: 9'BromO'8'hydroxy'3,3'dimethyl'3H'naphtho[2,I'bJpyran''7,JLO'di^^ 

Coinpoufid 7: 2,P'dibromo'Ij8'dihydroxy'3,3-dIm€thyI^^^ 
20 bjpyran'7,10'dione 
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Sodium hydride (42 mg, 80% dispersion in uU. 1.40 nunol) was washed with dry hoxane 
Uicn the supernatant was removed. The residual solid was dricci under a stream of 
5 nitrogen. A solution of 8-hydroxy-3,3-dlmediyl-3ff-iiaphlhori, 1 -*]pyran-7,10-dioQe (327 
mg, 1 .28 mmol) in letrahydrofuran (5 mL) was added and the resulting solution was stirred 
at room temperature tor 1 0 min. This was cooled to 0" C and a. solution of bromine (265 
mg, 1.66 mmol) in dry dichloromefliane (3 mL) was added. IT^e mixture wa-s allowed to 
warm to room tempeiature and stirred for 20 min, after which tho solvents were 
1 0 ccmoentriitcd in vactto to afford a brown residue. Flash chromatography (20-50% ethyl 
ucctatc/hexane with 1 % glacial acetic acid) afforded 9-bromo-S-hydroxy-3.3Tdiinethyl.3H- 
naphtho[2.1-*]pyran-7,10-dicmc as an orange-brown solid (43 mg, 10%). (Found: M+K, 
334.9909.336.9887. CisH,2Bt04*requircs 334.9919. 336.9900). NMR (300 MHz. 
CDCl,) 8 1.49 (6H. s. 2 x CH,), 5.99 (IH. d. /= 10.2 Hz. H2)^ 7.05 (IH, d. / = 8.4 Hz. 
15 H5). 7.75 ( 1 H. bs, OH). 7.82 (IH. d, 7 = 10.2 Hz, HI), 8.01 (1 21, d, J = 8.4 Hz. H6). ni^z 
(ESI*) 337 (M["Br]-i-H). 335 (Mf Brl+H). 

Also recovered from the flash chromatography coliunn was crude compound 6 
contaminated with a product of p>Ton ring brominaiion (compound 7). This wb.s subjected 
20 to preparative HPLC (isocratic 60%A, 40%B) and gave a conapound suspected of bcirg 
2,9-dihrumo-l,8-dihydroxy-3.3Htmethyl-J.2-dihydro-3iA-ntip^^^ 
(3 mg, 0.5%). m.p. 202.5-205' (Found: M+H. 412.9011. 414.S98], 416.8961. 
iCsHisBrjOj - HiOr requires 412.9024. 414.9005, 416.8987^. v,uax3475w. 1664m, 
1582ni. 1370in. 1284s. 1262s, I184ra, 1l22m. 10l6rot;m '. 8 ('H) (300 MHz, CDCI3) 
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1.59, CHa: 1 .66. s, CH3; 4,42, d, J 3.8 Hz» H2; 4.73, b.s, OH; 5.50, d. 7 3.8 Hz, HI ; 7.22, 
d, J 8.7 Hz, H5; 8.13. d, / 8.7 Hz. H6. m/z (ES^ 70 V) 457 (M|"^Br]l^*BrJ^Na, 13<ro). 455 
(M['^Brl| ^r]+Na. 31), 453 (MrBrJl''^rl+Na, 22), 435 (N3f»'Br][ ^'BrJ+H, 7), 433 
(M[®^Brll^^Brl+H, 18). 431 (!Vl[''^BrJt^^BrHlK 12), 417 (Ml''BrJ["Brl-K^O+H. 16), 415 
5 (M[^*Bril '^n-HoO+H, 36). 413 {MC'^rlf ^^BrJ-HaO+a 20), 336 (M-l -fHsOj+H, 
) 00), 334 (M.[ "^^Bt h-HzO 1+H. 100). 

Example 7 

Compound S: 9'Bromf>'3,3'dmiethyi'S'(4-methylbenzenesuIfo^ 
10 napfitho[2,l'b]pyran'7ylQ-dione 

b Jpyran- 7, 1 0'dion e 



. Pytidliie (0,40 mL 4.93 xnmol) was added to a cooled (0** C), stirred solution of 9-bTomo-8- 
20 hydroxy-3,3-dimethyUl,2-dihydro-3//'-naphtb()[2,l-!7|pyraa-7, ^ (550 0ig, 1.63 

mmol) In dry dichloromclhanc (10 mL) under nitrogen, A. .solution of 4- 
methylbenzenesulfonyl chloride (350 mg, 1.84 mmol) in dry dichioTomothane (8 tnlJ) was 
added dtopwise, then stirring wils continued for 1.5 h at O"* C. Diisoprorpylcthylanune (2.5 
itiL, 14.4 mmol) was added and siirring was continued for a further 3 h when aqueous 



15 



O 
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hydrochloric acid solution (2.0 M) was added. Produces were extracted wi±a 
dicbloromcthane and ethyl acetate, and the corabiued extracts dried, filtered anc3 
concentrated in vacuo to afford a brown solid (798 mg). Trituration of this with eihyl 
acetate/hcxane gave a yellow soUd (610 mg) which by 'H NMR spectroscopy conlaincd 
5 ~ 1 0% of the unsuiurated pytan (compound 9). 

A sample of the above yellow solid (560 mg) was dissolved in ethyl acetate (30 mL) an.d 
plttlinum (JV) oxide (25 mg) was added. The resulting mixture was stirred under ^ 
atmosphere of hydrogen for 8.5 h after which it was filtered tlirough a pad of Cehte® a»d 
10 the filtrate was stirred in air at room temperature overnight. Concenirulion in vacuo gave a 
brown solid which contained -5% of the unsaturated pyran (compound 9) by 'H NMJR 
spcctroscwpy. The above bydrogenation was repeated on this solid using platinum (IV) 
oxide (69 mg) in ethyl acetate (35 ml.) under hydri>gen at room temperature ovcrnighit. 
The mixture was filtered througli a pad of Cclite"' and Uic filtrate coccentrated in vacuo to 
15 afford a brown residue (580 mg). This was dissolved in aoetonitrile (45 mL) and a solution 
of eerie ammonium nitrate (617 mg) in water (20 mL) was added diopwise. The resullLmg 
mixture was stirred at ro«5ra temperature for 2 h and water (35 mL) wus added. T3ic 
resulting precipitate was collected by filtxation. washed with water, hexane and dried unaor 
vacuum for 2 h at 40» C to give y-bromo-3,3-dimethyl.8-(4-meaiylbenzenesulfonyloJiy)- 
20 l,2-dihydrO'3//-nnphtliol2.1-A.]pyran-7.lO-dione as a brown solid (300 mg, 41%): m..p. 
109-115' C (Found: C. 53.6; H, 4.1. CmHijBiOoS requires C. 53.8; H, 3,9 %). v„«t. 
16725, ISSOni. 1370s. 1302s, 1288s. I222m, 1202m, 11745, 994s. 718s cm"'. 'H NN^R 
(300 MHz, CDCb) fi 1.37 (6H. s. 2 x CH,). 187 (2H. t. 7 = 6.3 Hz. H2). 2.50 (3H, s, 
AfCH3). 3.27 C2H, t, J = 6.3 Hz. HI). 7.11 (IH, d, J = 8.4 Hz. H5). 7.41 (2H. d, / = 7.8 Biz. 
25 it3'). 7.98 (3H. app d, J ^ 8. I ltz, 2 x H2' and H6). , m/z (.ESt) 493 (Mf«'BrI+H). 491 
(Mf'Brl+H). 
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Example 8 

Compound 9: 9*BromO'3,3'dimethyt'li'(4'meihyIbenzcnesidfonyhxy)'3H'naph^h^ 
blpyran-yflO-dione 




Pyridine (0.15 ml- 1 .85 minol) was added to a cooled (0^ C), stirred solution of 9-l>Tonio-8- 
h>'dToxy-3,3-dlmethyl-3//-naphtho[2,l-fcIpyTan-7aO-dione (235 mg, 0.70 iiuxaoi:> in dry 
dichlororacth&ne (5 mL) under niirogcn. A solution of 4-mclhylbcazenesulfonyI chloride 

10 (0.148 mg, 0.78 nmiol) in dry dichloromethane (4 mL) was added dropwise, an€3 stirring 
was continued for I h at 0** C. Diisopropyleihylainine (KO mL, 5.74 mmol) was added and 
Klirring was continued for a Curtlicr 3 h when aqueous hydrocWoric acid solutiot* (l.O M) 
was added. Products were extracted wiik dichloromeihanc and ethyl acetate, and the 
combined extracts dried, filiercd and concentrated In vacuo to afford a brown solid. Flash 

15 chromatography (ethyl acctate/hexane 3:7) afforded 9-broTrt«-3,3.dimefchyl-8-(4- 
mctliylbenzenesulfouyU>xy)-3ii-naphtho[2.1-£>lpyran-7,10'dione as a brown solid (97 mg, 
28%): m.p. 167-168"' C (Fi^und: M+ir, 490.998. 488,999. C22Hi8Br06S'*" requires- 490.999, 
489.001). Vmxx 16725. 1388nv 1288s, )21 8m, 1172s, 1 1 12m. 1018m. 1004tu, 706m, 
688 cm"^ ' H NMR (300 MHz, CDCI3) « 1 .49 (6H, s, 2 x CH:t), 2.50 (3H, s, ArCHj). 6.00 

20 (IH, d. / = lOJ Hz, H2), 7.10 (IH, d, 7 = 8.4 Hz, H5), 7.41 (2H, d, J = 8.1 Hz, »3'), 7.69 
(ill, d. / 10.5 = Hz, HI), 7.98 (2H, d, y = 8. 1 Hz. H2), 8.00 (IH. d, / = 8.4 Hz, H6). ni/z 
(ESrt 491 (M|***Br]+H), 490 (Mf 'Br]+H+1) 
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Example 9: 

Compound 10: 8^Brpm0'3,3*dimethyU9''{4'methylbenzenemlfonyhxy)'3H^ 
b}pyran'7,lQ'dtont* 

5 Step 1 

3,3-Pimethyl-3/f-njiplitho[2,l-i>lpyran-9-ol 




10 

A mixture of 2,7-dihytlroxynaphilialeTie (33.2 g. 207 rr^mol), 3-raethyl-2-butenal (20.0 mL, 
207 inmol) and pyridine (17.0 jnL) was heated at 110" C for 20 h imder nitrogen. Tlie 
mixture was ctjolcd to room temperature aiid diluted with diethyl ether (150 mL). The 
organic pha<ic wai> sepai'ated aiid washed successively with aciueoas sulphuric add solution 

15 (5%, 150 inlj, water (150 mL), aqueous sodium hyditj^cn carbonate solution (5%, 150 
mL) and wuicr (150 mL), The orgat\lc phase was dried, filtered and concentraccd \n vacuo 
to affoitl 3,3-dimethyU3H-naphaioI2,l-fr]pyran-9-ol as* a buff coloured solid (43.1 g. 
929fc): 'H MMR (300 MH?., CDCI3) 5 1.48 (6H. s, 2 x CH3), 4.99 (1H» br s, OH). 5.67 (IH, 
^J^ 10 H2, H2), 6.84-6.93 (3K. m. HI, H5, H8), 7.23 ( J d. 7 2.3 = Hz, HIO), 7.55 (IH. 

20 d, y ^ 8.8 Hz. H6), 7.63 (IH, d. J 8.8 Hz, H7). in/t (FAB, 3NBAyivfeOH) 227 (M+H, 
689fa). ■ ' 

Step 2 



25 3,3-Dimethyl-3//-naphtho[2,l-Mpyran-9, lO-dioae 
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OH 




N, Ar-Bis(salicylldciie)etbytenediaininocobalt(ID hydrate (4.5 g, 14 mmol) was added to a 
stirred solution of 3,3-dimethyl-3H-iiaphihoL2,l-MpyrjTi-9-ol (43.2 g, I90 mniol) in 
5 aceionitrilc (J.O L) and oxygen bubbled through ihc mixture with reaction progress 
monitored by HPI-C. Further portions of ihc catalyst (4.1g, 3,4 g mid 2.7 g) were added 
after 18.5 h, 24,5 h and 44.5 h respectively. After 1 12 li In total, WLC showed no starting 
naphthol and the mixitire was filtered though a silica pad (5 x 12 em), washing the pad 
with ethyl acetate until no further red colour eJutcd. The filtrate wa-s coiicenitated in vacuo 
10 and the resulting residue reerystalliscd fironi ethyl acetate/heptane to afford 3,3-dimethyl- 
3//-naphihof2,l-iblpyran-9,lD-dione as maroon needles (14.5 g, 32%): m.p. 109-110" C. 

NMR (300 MHz., CDCI3) 6 1.46 (6H, h, 2 x CH3), 6.00 (IH, d, 7 « 1 03 Hz. H2), 6.27 
(IH, d, y 10 Hz, 6.9S (IH, d, / - 8.2 Hz, 7.09 (IH, d, / = 8.2 Hz. H6), 7,32 
(lH,d,J»10.3H2, HI). /74/?. (FAB, 3NBA/MCOH) 242 (M+H+1, 5295?), 



15 



Step 3 



9-HydTOxy-3,3-dimethyl-3f/-naphiho[2,l "^iJpyran-7, lO-dlone 



20 





OH 



A siilution of 3,3-dimethyl.3y/-naphtho[2,l-^^lpyrai>9aO-dione (14.5 g, 60.3 nunol) in 
toluene (850 mL) was washed twice with a solution of sodium dithionite (84 g) in water 
(850 mL). The resulting pale yellow solutitm was then added to a solution of potassium 
25 ^ffz-z-buloxide (37.0 g. 330 nunol) in /crT-butanol (370 mL) saturated with oxygen. The 
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resuliiiig mixaiie was stirred ai ambient tempersture for 30 min. after which aqvieous 
hydrochloric acid solution (1,0 M. 250 niL) was added. The organic phase was separated 
and extracted witli saturated aqueous sodium hydrogen carhimaie (3 x 250 mL). The 
combined aqueous exiracEs were cooled (ice/water bath) and acidified with wjncentratcd 

5 hydrochloric acid. The resulting precipitate was collected by filtration and washed with 
water (1.0 L) and dried under vacuum for 2 h at 40** C to afford 9-hydroxy-3. 3 -dimethyl- 
3//-naphiho[2,l-^]pyran-7.10-dione as an orange solid (7.10 g, 46%): NMR (300 MHz, 
CDCb) 6 1.47 {6H, s, 2 x CH3), 5.99 (IH, d, J = 10.4 Hz. H2), 6.25 (IH, s, H8), 7.1 1 (IH, 
dd, J B 0.6 Hz. HS), 7.47 (IH. s, Ol I). 7.76 (dd, J = 10.4, 0.6 Hz, HI). 7.97 (IH, d. / = 

1 0 8.5 Hz, H6. m/z (FAB. 3NB A/MeOH) 258 (M+H+1, 50%). 257 (M+H, 100). 

Step 4 

8-Bromo-3.3-diraethyl-9-(4-meihylbeuzcncsulfonyloxy)-3A/-naphtho[24-Wpyran-7,10- 
15 dioae 




Sodium hydride (12 mg, 80% dispersion in oil. 0.40 mmol) was added to a solution of 9- 
hydToxy-3.3-dijncthyl-3/f-naphtho[2.l-fe]pyran-7,10-cione (100 mg, 0.39 minol) in 

20 leu-ahydrofuran (2 mL) and iho mixture was stirred at room lemperamro for 10 min. The 
suspension was cooled to 0° C, and . a solution of bromine (70 mg, 0.44 mmol) in 
dichloromcihane (1 mL) wa-s added. The orange solution was allowed to wnrm to room 
temperature then stirred for 20 min. Aqueous hydrochloric acid solution (1.0 M) was 
added and the product was extracted with dichloromethane and ethyl acetate, The 

25 combined organic phases were dried, filtered and concentrated in vacuo to give a brown 
residue (129 mg, 99%). 
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Pyridine (25 \iL, 0.31 mmol) was added to a cooled (0** C). siiircd solution of the above 8- 
bTomo-9-hydroxy-3,3-dimethyl-3W-naphflio|2J-^]pyrttti.7,10-dione (25 mg, 0,07 nimol) 
in dry dichloromethane (I mL). A solution of 4-n2cthylbenzene.sulfoayl chloride (17 mg, 
0.09 mmol) lii dry dichLoromethane (1 mL) wa-s added dropwise, ihen stirring waii 

5 ccmimucd for 1 h at 0' C. Diisopropyl ethyl amine (115 0.66 mmol) was added and 
stirring was coutinued for a further 3 h when aqueous hydrochloric acid solution (1.0 M) 
was added and the mixcute extracted with dichloromcthane and ethyl acetate. The 
combined organic phases were dried, filtered and concentrated in vacuo to afford 8-bromo- 
3.3-dimcthyl-9-(4-meihylbea2enesuironyloxy)-3W-naphthor2,l-!>Jpyran-7,10-dione as a 

10 btowa solid (35 mg, 959&): m.p. 181.5-184'' C (Found: C, 54.0; H, 3.5. C22H17BJO0S 
requires C, 54.0; 3.5 %). \w 1678m, 1382s, 1294s. 1285s, 1183m, 1128m, 1062m. 
986m, 806h, 682s, 564m cm ^ 'H NMR (300 MHz, COCh) 6 1,49 (6H, s, 2 x GH3), 2.50 
(3H, s. A1CH3), 5.98 (IH, d, y = 10.5 Hz, H2), 7.09 (IH, d, 7 = 8.4 Hz, H5), 7.41 {2H, d, J 
= 8.3 Hz, H30, 7.70 (1 K. d, ./ = 10.5 Hz, HI), 7.98 (2H, d, / = 8.3 Hz. H2'), 8.04 (IH, d. / 

13 8.4 Hz, H6). rn/z (ESr> 491 (M[**Br]-fH), (Mf ^Br]+H) 

. Example 10 

Compound 11: 8-Bi^mo^3,3rdimethyl'^9-(4'methylbenzenvsulfunyloxy)'l^^^ 
naphthol2,I^b]pyran'7,I0*dion€ 



Fiatinum (IV) oxide (25 mg) was added to a solution of S-bromo-3,3-dimethyl-9-(4- 
methylbBnzenosulfonyloxy)-3//-iiaphtho[2,l-^>]pyran-7,lb-diotic (199 mg, 0.41 mmol) 
.25 . in ethyl acetate (8 mL) and the resulting suspeni^ion was stirred under m atmo.sphere of 



20 




O 



O 
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hydrogen for 28 h. The reaction was filtered through a pad of Celite® and the filter 
cake was washed with ethyl acetate and dichloromethane. The filtriiie and washings- 
were combined, dried, filtered and conceniratcd m vacuo to afford a brown residue 
which was dissolved in aceionltrile (20 mL) and cooled to 0° C. A Jiolution of eerie 

5 ammonium nitrate (200 mg, 0,36 mmol) in water (6 mL) was then added and ilic 
mixture was allowed to warm to room lemperature and stirred for 2 h, after which it 
was diluted vvitii water. Products were extracted with dicliloromeihane, and the exiraci 
dried, fiUercd and concentrated in vacuo to afCord 8-bvomu-3,3-dimethyl-9-(4- 
methylbenzcaesulfony!oxy)-l,2-dihydro-3/f-'naphtho[2,l-i;Ipyran-7,10-dione as an 
10 orange-browd ^oUd (193 mg. 97?b): m.p. 168-169.5" C (Found: C, 53.6; H, 3.8, 
C22Hi9BrO(SvS requireiJ C, 53.8; H, 3.9%). Va,„ 16SOs, 1668m, 162()ra, 1578w. 1566w, 
1 382s, 1290s cm-^ NMR (300 MHz, CDCI3) 8 1.37 (6H, 2 x CH?), 1.87 (2H, t, J 
= 6.2 Hz, H2), 2.50 (3H, i>, ArCHn), 3.27 (2H. t, 7 = 6.2 Hz. HI), 7.10 (IH. d, / 8.6 = 
Hz. H5), 7.41 (2H, 6, J ^ 7.7 Hz, H3'), 7.97 (2H, d, 7 = 7.7 Hz, H2*), 8.03 (IH, d, 7 = 

15 8.6 Hz, H6). tn/zCESt) (M[^^BrHH), 491 (Mr^BrRH). 

Example 11 

Compound 12: 8^'DiLMorO'3,3*aimeihyl 'I.2^dihydra'3II'naphtho[2,l'bJpyran'7,10- 
dione 

20 

Stepl 

9-Hydroxy-3,3-dimcthyH ,2-dihydro-3/^-naphthof2,l-iJpyrun-7, lO'dione 



25 
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OH 




OH 



O 



o 



A mixture of 9-hydroxy-3,3-dtmeihyl-3W-naplithol2,l-b]pyran--7,10-dionc (K20 g, 4.6 
nmiol) und platinum(IV) oxide (125 mg) in ethyl acetate (30 mL) was stirred under 
5 hydrogen for 3.5 h. The durlc niwture was allowed to stir exposed to air for 30 ruin before 
filtration ihrougb a plug of Celiie®. Concentration of ihc filtrate in vacuo gave a yellow 
residue wliich was subjected to flash ehromato^aphy (ethyl acctate/hexanc 7:3 with 1% 
gjacial acetic acid) followed by recryjstallisation frotn cfliyl uceiatc/hexane to give 9- 
hydroxy.3,3-dimethy^^2-dihyd^o-3ff-naphthoL2a-^lpyraTl-7.10-dio^e us yellow needles 



10 (948 mg, 79%): m.p. 155^ C (subl.), >17T C (dec). v„ax 3328, 3148, 3103. 1656, 1628, 
1566 cm->. 'H NMR (300 MHz, CDCI3) 5 1-38 (6H, s. 2 x CH3). 1.89 (2H, I. /« 6^5 Hz, 
H2X 3.29 (2H, I, J = 6.5 H-t. H3), 6.25 (IH, s, H8). 7.13 (1 H. d, J = 8:5 Hi, H5), 7.47 (IH, 
a. OH). 7.97 (IH, d, J = 8,5 Hz. H6). tn/z (FAB, SNBAAIcOII) 261 (M+11+2, 11%), 260 
(M+H+1, 27%), 259 (M+H, 51). 



9-Chk)ro-3,3-d5melhyl-l,2-aihydro-3/y-naphthol2,l-/?]pyraa-7,10-dione 




9-l[ydroxy-3,3-dimcthyl-l ,2-dihydro-3?/-naphtho[2,l-/7lpyran-7.10-dione (1.1 g. 4.3 
mmol) was dissolved in dichloromeUianc (20 niL) and thiouyl chloride (15 niL). The 
reaction was stirred at room temperamre for 24 li and the volatiles were removed in vacuo. 



15 



Step 2 
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The residue was dissolved in ethyl acctnte (30 ml-), washed witli water (30 niL), dried, 
filiercd and coiiccnlraicd m vacuo. The' residue was purified by flash chromatography 
(ethyl acetate/hexanc 5:95) followed by recrysLallisation from cthanol to give 9-chloTO-3,3- 
diTneihyl-l,2-dihydro-3/f-naphihof2,l-/>]pyran-7,I0-dione as orange needles (633 mg, 

5 53%): m.p. 140-2° C (Found: C, eW.9; H,4.8. CisHisClOa requires C, 65.1; H, 4.7%). 
A.mux Oog 216, 268. 350 sh, 412 nm (4.35, 4.25. 3.23, 3.44). VmiL< 37OO-3300s br. 
3070W, 30OOW, 1680&, 1660s, 1620m, 1590m, 1580s cm'^ N.MR (300 MHz, CDCI.,) 6 
1.38 (6H, s. 2x CH3), 1 .88 (2>r, t. 7 = 7.0 Has, H2), 3.29 (2H, l» J » 7.0 Hvs. HI), 7.12 (IH, 
d, y a 8,5 Hz, H5)» 7.12 (IH, s. H8), 7.95 (IH, d. ./ = 8.5 Hz. H6). 7n/z (FAB, 3NBA) 280 

10 (M[37cl]+H+1, 14%), 279 (MF^^ciJ+H, 40), 27S (Ml35Cl]+H+ 1 . 49), 277 (Mp5clJ+H, 
100), 276 (44), 233 (17). 

Step 3 

1 5 8,9-Dichloro-3,3-diniethyl -l,2-dihydrO'3//-naphthol2. 1 -b1pyi'an-7 , 10-dione 




Chlorine ga.s was bubbled tbnnigh a .solution of 9-chloro-3.3-dLmethyM.2-dih>'dro-3//- 
20 naphtho[2,l-frlpyran-7, 10-dione (633 mg, 2.3 mniol) in glacial acetic acid (50 mL) 
containing concentrated hydrochloric acid (5 drops) at 70° C for 5 rain. 'Ilie reaction was 
stirred for 55 niin at 7^ C, cooled to room temperature and concentrated in vacuo. The 
residue waa purified by flash chromatography (lolucnc/hexano 7:3) to give 8,9- dichJoro- 
3.3-dimeihyl -l,2-diliydro-37/-naphtho[2,l-frJpyran-7,10-dionc as an orange .solid (508 mg, 
25 71%). A sample of thin material was i-ecrystalliscd from ethanol to give orange micro- 
crysials: m.p. 158-60*'c (Found: C, 57.9; H, 3.7. C15H12CI2O3 requires C; 57.9; H, 
3.9%). Xmax (log e) 220, 275, 290 sh, 350 sh, 4J2 nm (4.32, 4.19, 4,01 , 3.29. 3.38). Vmux 
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3700- 3330m br, 3050m, 2950m, 1700s, leSOm, 1600m, 1580s cm->. "H ^3MR (300 MHz, 
CDCb) 6 1 .38 (6H. s. 2 X CHs)* 1.88 (2H, I, J = 7.0 Hz, 112% 3.27 (2H, t, / = 7.0 Hz, HI), 
7.12 (IH. d, 7 = 8.5 Hz, H5). BM (IM. d. 7 = 8.S H6). nt/z (FAB» 3NBA) 315 
(M[^7ci2l+H, 16%). 314 (MI37C13SCIJ+H+1. 32). 313 (MpcpScH+H, 74). 312 
5 (MpSci2]+H+l. 64), 311 (.Vl[35ci2j+a 100), 310(42). 309 (16). 

Example 12 

Compound 13: Sodium 3,3'>dimethyl'7,10'dioxQ'7,10'dUiydrO'3n'benzoinchrom^^^ 
date or Sodium 3,3'dimethyt'7,8-dioxO'7,S'dihydtO'3H'benzof/]chrimen'^^^ 




Aqueous sodium hydroxide (2.0 M, 3.38 mL, 6.75 nunol) was added dropwise to a stirred 
IS orange suspension of compound 1 (1.73 g, 6.75 mmol) in methanol (10 ml-). The mixture 
became homogeneous red. After 30 min volatlles were removed in vcicuo uiid the resulting 
red residue dissolved in waicr (150 niL), Filtered (porosity 4 fsinter) and freeze dried Tor 48 
h. Compound 13 was obtained eus a red solid (1.80 g, 96%): NNIR (300 MH^. 
D^DMSO) 6 1.38 (6H, s, 2 x CH^). 5.26 (IH, s. H9). 5.82 (IK, d. 7 10.2 Hz, H2), 6.83 
20 (IH, d. J = 8.4 Hz, H6), 7.64 (IH, d, 7 = 8.4 Hz, H5). 8.14 (IH. d, 7 = 10.2 Hz. HI), n^/z 
(HS% 30 V) 257 (M-Na+H, 100%); HPLC 100%/ 4.74 min. 

The ^H NMR can also be run in DzO, compound 13 is fully soluble in water ai 10 mjj/mL 



25 HPLC Conditions 
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Perfumicd on Water 2690 Alliance Sysicm, using a Wuicrs C18 5 Symmetry Column 
(Part # WAT046980) end a flow raic of 0.7 inL/min. Coluinn tcmptsratui-e of 30** C and 
measured at X=254 nM. 
Buffers: 
5 Buffer A: 100% water 
Buffer B: 100% 

Buffer C: 2 % aqueous foimic acid 
Gradient (linear sradieni curve "6") 

10mln 5mln 
45% A;60% B;S%C 95% B:5% C ^ 95% B:5% C 

1 min 

5niin ^ 
45% A:50% B:6% C " 45% A:5(y>Q S;5% Q 



10 



Example 13 

Compound 14: 8'Hydroxy-3'methyl'3'ph0nyl'3H'benzo(flchromene'7,^^^ 



15 



Slepl 

3-Methyl-3-phenyl-3//-brai2ol/]chromen-R-ol 




HO 




A Stirred suspension of 2,6-dihydroxy naphthalene (7»6 mg, 4.47 mmoJ) in toluene (200 
20 mL) was heated to tcflm (oil bath tcmpersitiire .160" C). Aficr I h. Die mixiurc was 
homogeneous and p-toluenc sulphonic acid hydrate (54 mg, 0.40 mmoi) was added 
followed by a solution of 2-phenyl-but-3-yn-2-ol (588 mg, 4.02 mmol) in toluene (50 mL) 
over 20 min while maimaining reflux. TLC (ethyl acetaie/hexone 1:4) after 4 h showed 
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very faint 2,6-dihydTOxy naphthalene. After a further 2 h, the niixruie was cooled to room 
tcmperatuie and washed with aqueous sodium hydroxide solution (10%, 400 ml-). The 
orgunic phase was diluted wilh ethyl oceiatc (100 tuL). dried {Na2S04), filtered and 
concentraicd in vacuo to afford a biuck semi-solid (804 mg). This was dissolved In ethyl 
5 acetiiie/hexone/dichloromethane/meaianol (1 niL: 4 mL: 1 mL: 1 niL) and subjecied to 
nnsic chromatography, etutiog with ethyl aceiaic/hexane 1:4. 3-Mcthyl-3-phcayi-3fir- 
bcn7.oI/]chromen-S-ol was obtained as a brown solid (230 mg, 18): MS (ESI ) m/z 287 (M- 
l), HPlX: 99.3 %/ 7.58 niin 

10 Step 2 

3-Mctliyl-3-phcnyl-3i^-ben7.o[/]chromene-73-dione 




15 

Co(S ALEN)2 (23 mg) was added in one portion to a stirred homogenous yellow solution of 
3-mcthy)-3-phcnyl-3H-bcnzo[/lcluomen-8-ol (217 mg, 0.75 mmol) In acetoiiiriile (3 mL). 
Oxygen was bubbled through the mixture and after 90 mln the mixmre was filtered 
thi'ougli a silica plug, washing the plug with ethyl aceiatc until no further colour eluted. 
20 Volatiles were removed vi vacuo to afford 3-methyI-3-phenyU3//-ben?'.o[/]chromcne-7,8- 
dione SsH an orange solid (228 mg, 100%): 'H NMR (300 MHz, CDClj) 5 1.86 (3H, s, 
ClI^X 6.25 (IH, d, y = 10.2 H2), 6.43 (IH, d, 7 = 10.5 Hz, H9)» 6.85 (IH, d, 7 « 10.2 
Hz. HI), 6.97 (IH, d, / = 8.4 Hz. H6), 7.35 (511, m, ArH), 7.72 (IH, d» / = 10.5 Hz, H9h 
7.99 (1 H, d» J = 8.4 Hz, H5) MS (ESf) ni/z 303 (M+1). 



25 
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Step3 

8-Hydroxy-3-22icthyl-3-phenyl-3//-benz(>[/]«Aroniene-7, 1 0-dionc 



5 




Aqueous sodium hydroxide solution (4 M, 5 mL) was added to stirred orange suspension 
of 3-mcthyl-3-pheuyl-3W-ben2o[/lchroTnene-7,S:dionc (32 mg, 0.11 nimol) in cthanol (5 
mL) and the mixti.irc became homogeneous brown. After 1 K, the mixture was cooled 

10 (iceAvater baih) aiid acidified to pH- 2.0 (5.0 M aqueous hydrochloric acid solution). The 
resulting orange suspension was stirred for 20 min in the cooling bath then at !0 min at 
room temperature. The precipitate was ct>)lectcd by filtration and washed wiih water (30 
mL) tlica dried overnight under vacuum to afford 8-hydroxy-3-metliyl-3-phenyl-3/f- 
'bcnzo|/Ichromenc-7,10-di(3Tie as an orange solid (27 mg. R2%): 'H NMR (300 MH7.> 

15 COCh) S 1.84 (3M» s. CH3), 6.22 (IH, 5, H9), 6.26 (IH, d, J» 10.5 l-i7., H2),7.14 (.11^ d, J 
= 8.7 Hz, H6), 7.20-7.45 (5H, m» ArH), 8;05 (2H, m, H5 and HI). MS (ESI ) ^n/z 317 (\f- 
J). HPLC 100%/ 7.12 min. 

Example 14 

20 Compound IS: R^Hydrcxy-B^S'diphenyUSH'benzoUlchromene'?^ lO-dione 
Step 1 

3 ,3-Diphenyl-3i3r-benzol/]chrpmcn-8-ol 
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A stirred .viuspejision of 2,6-dihydroxy naphthalene (502 mg, 3.13 mmol) in loluenc (200 
mL) was hc^ated to reflux (oiJ bath temperature UO" C). Alter I h, the mixture was 

5 homogeneous end p-toluene sulphonic acid hydrate (54 mg, 0.28 nunol) was added 
followed by a solution of I ,l-diphcuyl-pxop-2-yn-l-ol (588 mg. 2.82 mmol) in toluene (40 
inL) over 30 min while m&iniaining reflux. After 2 d, the mixture was cooled to room 
temperature and washed with aqaco\Ls sodium hydroxide solution (10%, 400 mL). The 
orgam'c pha^c was' diluted with ethyl acetate (200 mL)» dried (Na2S04)» filtered and 

10 conccmruicd in vacuo to afford a black solid. This was dissolved in dilororoitn/hexane (5 
mL; 5 ml-) and subjected to flash cliromatography, eluting with chlorofomi/hexanc 1:1 
then neat cliloToform. 3,3-Diph6nyl-3/f.benzol/|chromen-8"Ol was obtained a» a brown 
solid (213 mg, 19%): MS (ESI ) tn/z 287 (M-i), HPLC 80,3%/ 8.89 nain 

15 Step 2 

3,3-Diphcnyl-3//-benzo|/lt:liromenc-7»8-dionc 




20 
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Co(SAlJEN)2 (22 mg) was added in one portion to a stirred homogenous ycUow solution of 
3,3-cliphenyl-3H-bcn2o[/lchromen-8-ol (213 mg. 0.61 mmol) in acctonitrile (3 mL). 
Oxygen was bubbled through the mixture and after 3 h the mixture was niiered Uiiough a 
silica plug, wa.shing Ihe plug with ethyl acetate until no furiher colour eluted. Volatiles 
5 were removed In vacuo to afford brown solid which was dissolved in d^chloromelhane and 
the solution subjecied lo flash chromarography, eluiing wiih neat dichloromethane. 3,3- 
Diphenyl-3i7-benzo|/lchromcnc-7,8-dione was obtained as an oiangc solid (32 mg, 14%). 
MS (ESr) itt/z 365 (M+l). 



10 Sttsp 3 



8-Hydtoxy-3,3-diphcnyl-3i7-bcnzol/lchxomcnc-7,10-dionc 




4 N NaOH 




15 Aqueous sodium hydroxide solution (4 M, 3 niL) was added to stirred orange suspension 
of 3,3-diphenyl-3i/.bcnz6[/lchroniene-7,8-dione (22 mg, 0.06 mmol) in ethan'ol (3 mL) 
and the mixture became homogeneous brown. After 30 mir, the mixture was cooled 
(ice/water bath) and acidified to pH- 2.0 (5.0 M aqueous hydrochloric acid solution). The 
resulting orange suspension was stiiTed for 20 mii\ iu Uic cooling bath then at 10 min ai 

20 room lempcrature. The precipilate was collected by filtration and wa.shcd with water (15 
niL). This residue wa.s dissolved in ethyl acetate (5 mL) and filtered though a silica plug, 
eluting the plug wiili ethyl acetate (150 mL) then elhyl aceiatc/acctic acid (30:1), collecting 
3 \ 15 niL fractions. Fractions 1 and 2 wera combined and concentrated in vacuo to afford 
8-hydroxy-3,3-diphenyl-3i^-benzo[/]clM:omcnc-7,10-dione as an orange solid (6 mg, 24%). 

25 ^1? NMR (300 MHz. CDCI3) 8 6.23 (IH, s, H9), 6,45 (t H, d, J = 10.4 Hz, H2), 7.20 (IH, d. 
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J = 8.4 Hz. H6). 7.40 (lOH. m. ArH). 8.00 (IH, d, J = 8.4 Hz. H5). 8.16 (IH, d, 7 = 10.4 
Ht:, HI). MS (ESI*^ m/z 381 (M+1). HPLC 86.5%/8.81 min. 
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Antiviral Acti>1ty 

Tests of aniiviral activity were performed in 2.2.15 human hepatoma coUs infected wiih 
hepatitis B according to ihe method of Korba and Gerin, Antiviral Research, 19, 55-70 
(1992). Brieny, ccUs were seeded into 96 well plates aud cell media containlag various 

5 concentrations of the compounds was added. Media was changed daHy for 9 days and 
fresh media containing compound was added each day. On the 10* day, viral DNA in the 
supernatant was measured and the reduction in the amount of virus in the supernatant was 
calculated compared to cells incubated without drug. Six separate replicates were 
performed for each dmg concentration. The effective concenlraiion for 50% and 90% 

10 inliibitlon of the replication of the virus was determined from dose response curves. 
Results for .some compounds of the invention arc shown in Table 1 • 



Table 1 



15 



20 



25 



Test Compound 


ECSOpM 


EC90 ^iM 


Compound 1 


0.6 


3.4 


Compound 2 


1.1 


13 



Aniiviml activity was also examined in HcpG2 hepatoma cells infected with HBV 
containing mutations associated with resistance lo laminidliie (3TC). Two cell linss 
containing on L180M inutotitm In Uic HBV DNA polymerase, aud a double 
L180M/M204V mutation were used. Cells were plated out in six wcU plates and allowed 
to attach overaighl. Next day, the culture medium was replaced with either medium alone 
or medium containing the desired concentration of antiviral compound. Media was 
changed for fresh medium wifli or without antiviral compound on day 3. On day 5, 
supernatant and cell lysatcs were analysed for levels of HBV core proiein by 
non-denaluriiig Western blot using an anii-HBV core antibody. 

Results for some of the compounds are shown in Table 2 where a 50% reduction or more 
hi measured level of the viral core protein compared to contjols at a compound 
concentration of fiicater than 50 nmolur is designated +. 50% core reduction at less than 
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50|imQlar is dessignaicd ++ aad 50% core reduction at less than lO^roolar compound 
concentration is designated +++. 



Table 2 

5 



Ti.st Compound 


>50% core riMluclioii 1 


Compound 1 


+-H- 


Compound 5 




Compound 6 




Compound 13 


4- 



